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(90°) are most disturbed (GS: 83%) and fields parallel to motion least 
disturbed (GS: 100%). 
Conclusions:  
• All techniques fulfill RTOG 1005 guidelines 
• In static condition all plans show equally good QA results 
• For RA: 
– Inherent „low dose bath', increased dose to both contra-lateral lung 
and breast. 
– Dose distribution most predictable concerning breathing motion 
(Long delivery time, averaged over many angles). 
• For 3DCRT and IMRT: 
– Fields with low number of MU are disturbed by the breathing motion. 
This effect can be minimised by reducing the dose rate for these 
fields. 
– Fields perpendicular to breathing motion most disturbed. 
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Purpose/Objective: Intrafractional movement, especially for SBRT 
treatments, is often managed using gated radiotherapy treatment. 
The two principal gating methods are (1) amplitude-based gating and 
(2) phase-based gating. The decisions as to which gating method is 
more suitable for a certain patient, whether to gate at the point of 
inhalation or exhalation, and the extent of the gating thresholds have 
to be made prior to the first treatment. An automated breathing 
curve analysis is therefore desirable to assist decision making. Also, 
the robustness of the commercially available gating software should 
be checked independently, especially in regards to the precision and 
reproducibility of the selected gating thresholds. 
Materials and Methods: Varian’s Real-Time Position Management 
(RPM) software stores the breathing curve along with other relevant 
parameters (time, phase, gating signal, beam on/off) in a file which 
can be exported for further analysis. Mathematica 8 was used to 
process this file. Its output provides the user with a graphical output 
of the following information: Frequency of outliers, phase stability, 
amplitude drift, and standard variation around the trend line. 
Moreover, it will show how reliable Varian’s online phase 
determination was at the time of CT acquisition. With the phase 
information from RPM and the manually selected points of maximum 
inhalation at CT simulation the automated breathing curve analysis is 
able to calculate the relative phase shift between them. 
Results: The results of this study are twofold. Firstly, the graphical 
output of the automated breathing curve analysis aids the user in 
making an informed decision as to which gating method to use and 
what thresholds would be appropriate. It is impossible to know at the 
time of CT acquisition which thresholds would be appropriate and the 
initial, arbitrarily chosen, thresholds in the reference breathing curve 
can easily be modified with the help of the developed tool. Secondly, 
a potentially dangerous inconsistency of the RPM software is 
identified. It was found that the online phase determination heavily 
depends on the initial breathing pattern immediately after the 
software starts tracking the breathing signal. As this pattern 
varies,the initial conditions might not be representative, causing an 
arbitrary phase shift between CT simulation and RPM’s online phase 
determination, which therefore can lead to an inversion of the 
originally selected gating thresholds.  
Conclusions: An automated breathing curve analysis was developed, 
which aids the user in making an informed decision about the 
appropriateness of a certain gating method for a specific patient. It 
was found that the phase determination of Varian’s RPM software is 
unreliable and can therefore cause unnoticed misdelivery of radiation, 
potentially causing significant harm to the patient. 
   
EP-1241   
Dosimetric effects of intra-fractional target motion in TomoTherapy 
Y.W. Ho1, S.G. Lo1, K.Y. Cheung1, S.K. Yu1 
1Hong Kong Sanatorium & Hospital, Medical Physics & Research 
Department, Happy Valley, Hong Kong (SAR) China  
 
Purpose/Objective: To evaluate the dosimetric effects of target 
motion in TomoTherapy radiation treatment planned with and without 
the internal target volume (ITV). 
Materials and Methods: A programmable dynamic phantom was 
developed to simulate breathing motion. Treatment plans were 
created for a 3 cm spherical target including an isotropic margin of 5 
mm and a C-shaped target such that at least 95% of the target volume 
received 2 Gy per fraction using pitch = 0.287, modulation factor = 2.0 
and 1 cm field width. The plans were delivered to the static phantom 
and dynamic phantom with two sinusoidal breathing patterns 
(amplitude = 0.75 cm and 1.0 cm, period = 6.0 sec). Absolute dose at 
the centre of the target was measured by a 0.057 cc A1SL ionization 
chamber and dose distribution in coronal and sagittal planes were 
obtained using radiochromic film. For each breathing pattern, a 4-
dimensional CT (4DCT) was performed and treatment plans were 
created using the respective ITV. The measured dose and dose 
distribution were compared with those planned without using ITV. 
Results: For treatment deliveries planned without using ITV, the 
measured point dose discrepancy varied between +1.9 ± 1.0 % and -1.3 
± 3.9 % for the spherical target moving with amplitudes of 0.75 cm 
and 1.0 cm respectively. Using ITV for planning, the point dose 
discrepancy was between +1.1 ± 0.3 % and -0.7 ± 0.9 %. In the gamma 
analysis (3% / 3 mm) of film measured dose distribution, the overall 
gamma passing percentage was found to have improved from 53 % 
without ITV to 80 % with ITV, for the spherical target with a motion 
amplitude of 1.0 cm. Additionally, the dose coverage to the target 
region was more adequate using ITV. However, depending on the 
motion amplitude, the planning target volume was 2-3 times larger 
when planning with ITV in this study. 
Conclusions: Treatment of moving target by TomoTherapy without 
accounting for target motion may result in unsatisfactory target dose 
distribution and inter-fraction dose variation. Planning using ITV 
contoured with 4DCT images can improve the dose and dose 
distribution in the target. 
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Purpose/Objective: In-vitro studies indicate that flattening filter free 
(FFF) photon mode has no detrimental effects on cell survival. 
Removal of the flattening filter achieves dose rates of up to 2400 
MU/min for 10 MV photons. This poses the possibility of delivering 
larger doses during short duty cycles in respiratory-gated radiation 
therapy, shortening overall treatment time and reducing the margins 
of clinical tumor volumes when treating abdominal sites. The 
following study investigates the outcome of gated radiotherapy in 
comparison to standard treatment.  
Materials and Methods: To test the dosimetric and radiobiological 
effects of gating, Quasar’s Respiratory motion phantom is used with 
complementary software enabling movement that simulates patient 
respiration. A custom insert accommodating cell samples or OSLDs was 
made for use in the phantom. Respiratory traces of 10 patients were 
simulated on the phantom during CT scans and radiation treatment. 
The moving phantom was scanned in cine mode with Varian’s RPM 
system tracking the respiratory motion, which enabled the phase 
binning and reconstruction of the CT images. All planning was done on 
Varian’s Eclipse platform for treatment on their True Beam linac. A 
GTV, PTV and mock organ (liver) were contoured on the phantom in 
all respiratory phases for each patient trace. The three duty cycles 
chosen for gated treatment are as shown in Figure 1. 
 
Figure 1: Phase binned respiratory trace with 0-20/80-90%, 40-60% and 
30-70% duty cycles represented. 0% represents maximum inspiration, 
50% maximum expiration. 
All plans use a field with 10MV photons in FFF mode, and a 180-315º 
gantry rotation. VMAT optimization was done for the three gated plans 
and a non-gated plan, with a prescribed dose of 1000 cGy to the PTV. 
Plan outcomes required no hot spots outside of the PTV and doses to 
